We present a spectroscopic survey of a sample of F stars that have not yet been searched for planets. The observations of 187 stars obtained with the Bochum Echelle Spectrographic Observer of the Cerro Armazones Observatory were aimed at nearby (closer than 70 pc) main-sequence stars without sufficient archive ([fiber-fed extended range optical spectrograph (FEROS)/high accuracy radial velocity planet search (HARPS)]) spectroscopy. The primary goal of the survey was to select the best candidates for radial-velocity searches of extrasolar planets. The spectra were analysed using the broadening-function technique, the method of choice for rapid rotators later than about A5. The analysis was focused not only at the determination of projected rotational velocity (defining precision of radial-velocity determination), but also at the detection of previously unknown spectroscopic binaries/multiples or stars showing strong line asymmetries. 12 previously unknown spectroscopic binaries/triples were detected. For all observed targets the spectral type was determined. About 140 stars are rotating faster than the resolution limit of 10 km s −1 sampling the onset of convection and slow rotation at mid-F spectral types in great detail. Radial-velocity precision of the data (about 100 m s −1 ) is insufficient to detect planets but could indicate most SB1 systems with stellar companions. As there are already 2-3 observations per object for these newly detected binary stars, only a few additional follow-up observations will be needed to obtain constraints on orbital parameters. We identified a sample of 68 bright F-type dwarf stars which are perfect targets for future planet searches. They rotate moderately or slowly and do not show any sign of binarity, pulsations, or surface activity.
Most of the RV searches concentrate on slowly rotating dwarfs of spectral types later than about F8 (see Nordstroem et al. 2004; Holmberg, Nordström & Andersen 2007; Moutou et al. 2009; Penadés, Maíz & Sota 2013) . Rapid rotation of main-sequence dwarfs earlier than F5 or F6 is the result of their young age and the lack of global magnetic fields (except Ap and Bp stars). Only recently, Lagrange et al. (2009) performed a dedicated survey of 185 southern dwarfs of mostly A and F types with high accuracy radial velocity planet searcher (HARPS). The survey showed that 64 per cent of 170 stars with sufficient number of data are variable in RV, 20 stars were found to be binaries with stellar or brown-dwarf components, but only 1 A6IV-V star (HIP36795; Desort et al. 2008 ) has been found to host two Jupiter-mass companions. This survey later led to the finding of a few giant planets or planet candidates (for references see Borgniet et al. 2014) . The low percentage of detected planets resulted from the large percentage of rapid rotators, pulsating stars, and binaries in their sample. In the well-known case of WASP-33 (A5V, vsin i = 86 km s −1 ), the transiting exoplanet was found photometrically by Christian et al. (2010) and later confirmed by the line-profile tomography during the transit by Collier Cameron et al. (2010) using the so-called least-square-deconvolved (LSD) profiles.
In this work, we apply the broadening-function (BF) technique to planet search. The BF technique complements the classical crosscorrelation function (CCF) method and can be applied at higher rotational velocities. For this purpose, we obtained spectra with the Bochum Echelle Spectrographic Observer (BESO) at the Cerro Armazones Observatory (OCA).
1 The sample consists of F stars which have not yet been systematically searched for planets.
The paper is organized as follows: Section 2 compares classical CCF technique and the BF technique; the following section describes the stellar sample selection and its properties; the spectroscopic observations at OCA are delineated in Section 4 and their analysis in Section 5. The best candidates to search for exoplanets are given in Section 6.
C C F V E R S U S B F T E C H N I Q U E S
All present RV searches for extrasolar planets use the CCF technique to derive precise RVs. The method is well proven and it is favourable for slowly rotating late-type stars. For rapid rotators, it is advisable to convolve sharp-line template with a proper rotational profile before the cross-correlation to attain the best match of the spectra. Another possibility is cross-correlating the target spectrum with its mean spectrum as the template (see Lagrange et al. 2009 ).
An alternative method to analyse heavily broadened spectra is the BF technique. It was originally invented to study rapidly rotating components of close binary stars (Rucinski 1992 (Rucinski , 2002 ). The technique is very similar to the LSD method (see Collier Cameron et al. 2010) . While in the BF approach observed spectra are used as the templates for the deconvolution, in the LSD approach synthetic spectra are applied. The results are practically identical. Thus, even when using a synthetic spectrum as the template, we will consider the result of the deconvolution a BF.
The BF approach has several advantages compared to the CCF technique.
(i) Straightforward interpretation. Unlike the CCFs, the BFs can be directly interpreted: for solid-body rotation (single star or tidally locked binary) the BF is a 1D image of the target.
(ii) No loss of spectral resolution. The BF extraction does not result in a loss of spectral resolution (see Fig. 1 ). It enables a direct detection of spots or even transiting extrasolar planets in the case that the projected rotational speed of a star, vsin i, is significantly larger than the resolution of the spectrograph, R:
where c is the speed of light.
(iii) High RV precision of rapid rotators. In stars fulfilling the above condition, the shape of the BF is close to the theoretical rotational profile (Gray 2005) , which means sharp and steeply inclined edges of BFs resulting in a higher RV precision compared to CCFs which have smooth and more slowly declining edges (see Fig. 2 ). Example of a BF of a single rapidly rotating star (HD 171834, F3V, vsin i = 71.5 km s −1 ) and the optimum fit by a rotational profile (assuming the linear limb-darkening coefficient u = 0.70). The BF has been extracted by deconvolution of spectrum of the target with a synthetic template spectrum corresponding to T eff = 6000 K. Based on archival HARPS observations obtained at the 3.6 m telescope at La Silla.
(iv) Metallicity/spectral-type estimates. BFs enable an immediate spectral-type or metallicity estimate (see Rucinski, Pribulla & Budaj 2013) .
When vsin i c/R, one can easily see signatures of spots and non-radial pulsations in the BF functions as in line profiles but using information from the whole analysed spectrum (see Fig. 3 ).
The BF technique is very well proven. It has successfully been used to determine the orbits of 141 close binaries within the David Dunlap Observatory close-binary programme (see Pribulla et al. 2009 ), superseding previous determinations using the CCF method. The BF technique was found to be efficient in detecting (i) multiple stellar systems (Pribulla & Rucinski 2006; Pribulla et al. 2008; Rucinski & Pribulla 2008) , (ii) late-type companions to contact binaries (D'Angelo, van Kerkwijk & Rucinski 2006) , (iii) stellar spots in active close binaries (Pribulla et al. 2007) , and (iv) high modes of non-radial pulsations in δ Scuti variables (Pribulla et al. 2009 ). The BF technique produces the best results for stars later than about A5 with sufficiently strong metallic lines (for the marginal case of δ Velorum, A0-2V system, see Pribulla et al. 2011) . With moderately to rapidly rotating single dwarfs occupying spectral types earlier than G, the 'sweet spot' for the BF technique in the exoplanet search are F dwarfs.
The BF technique has two major drawbacks: (i) the BF can be extracted just from suitable chunks of the spectrum containing weak metallic lines avoiding Balmer (or other strong) lines, (ii) it requires a relatively good match of the spectrum and the templates. The first disadvantage implies lower RV precision for slow rotators where the CCF technique can make use of the whole echelle spectrum (excluding telluric bands). For slow rotators with vsin i ≈ c/R, the CCF and their Gaussian fits are sufficient to provide precise RVs.
S E L E C T I O N O F T H E S A M P L E
The present sample of F-type dwarfs (a few A-type dwarfs were also included) has been carefully selected from the Hipparcos catalogue. To have a good idea about the luminosity of stars only those having parallaxes with relative precision better than 10 per cent have been singled out. The survey has been restricted to stars within 70 pc. To cover only dwarfs, all stars more than 2 mag above the main sequence have been excluded. The precision of the determined RVs could be negatively influenced by an intrinsic stellar variability. Therefore, all known variable stars (especially δ Scuti and γ Doradus pulsators) were excluded. Known spectroscopic binaries were excluded using the most recent electronic version of 'SB9: 9th Catalogue of Spectroscopic Binary Orbits' of Pourbaix et al. (2004) , 'The Geneva-Copenhagen survey of the Solar neighbourhood' (Nordstroem et al. 2004; Holmberg et al. 2007 ). Also, stars in visual binaries with a separation of less than 5 arcsec were excluded to avoid a contamination of the spectrum by a visual companion (using 'The Washington Double Star Catalog'; Mason et al. 2001) . This selection ends up in a list of 567 late-A to early-G type dwarfs accessible 2 from the OCA (see Section 4). Finally, stars hav-2 The pointing of the Hexapod telescope is limited to elevations higher than about 40 • limiting declination range to −74.
• 6 < δ < +25.
• 4.
ing more than two spectra in the European Southern Observatory (ESO) archives [HARPS, fiber-fed extended range optical spectrograph (FEROS)] were excluded (with a couple of exceptions). This selection resulted in a sample of 210 stars which do not have any high-resolution spectroscopy published. The magnitude range of the sample stars is 4.92 < V < 9.04.
S P E C T RO S C O P I C O B S E RVAT I O N S
Optical spectroscopy at the OCA was secured using the BESO spectrograph fibre-fed from the focus of the 1.5 m Hexapod telescope (see Fuhrmann et al. 2011) . 409 spectra of 187 dwarfs were obtained between 2009 April 10 and 2010 March 29. Exposure times ranged between 300 and 1800 s (see Table 1 ). The time sampling of the spectroscopic observations was rather uneven: the observations of a given target ranged from one night up to several months (see Table 3 ). The echelle spectra cover the wavelength range of 3530-8860 Å. The spectral resolution of BESO is R = 48 000 (FWHM; Steiner et al. 2006 Steiner et al. , 2008 .
The data were reduced using dedicated scripts written under the MIDAS package (see Banse et al. 1983; Grøsbol & Ponz 1990) . The reduction includes overscan, bias, and flat-field correction; individual echelle orders were extracted, wavelength-calibrated, and normalized to the continuum. Finally, cosmic spikes were removed. For the details on the reduction procedure see Stahl, Kaufer & Tubbesing (1999) .
Th-Ar comparison spectra are taken only every few days because of technical complications connected with the coupling of the Th-Ar lamp to the fibre-entrance unit. Significant improvement of the RV system has been achieved using O 2 telluric bands redwards of 6860 and 7615 Å (see Guenther & Wuchterl 2003) . A high S/N spectrum of η CMa (B5Iab, vsin i = 50 km s −1 ) has been used as telluric template. Relative RV shifts of the spectra were determined by fitting the Gaussian function to the extracted telluric BFs (not reflecting rotation or RV of the target itself) from 7615 to 7715 Å range. This analysis showed that the RV system drifts by about ±4 km s −1 from night to night but it is stable within 50-100 m s −1 in one night. The differences between the RV corrections obtained from the telluric bands with the band heads at 6860 and 7615 Å show about 100 m s −1 scatter. The RV correction from the 6860 Å band was used to correct all data. Some remaining inaccuracy in the telluricband correction stems from the fact that RVs are extracted from the yellow part of the spectra (4900-5400 Å) which is far from the telluric bands. The wind and pressure changes in the atmosphere are also limiting the precision of the technique (see discussion of Hatzes, Cochran & Endl 2010) .
The zero-point of our RV system has been checked using the IAU standard star HIP 910 (HD 693) which according to observations with HARPS (Lagrange et al. 2009 ) shows an RV scatter of σ RV = 2 m s −1 . Its RV measured on six nights at OCA (after telluric correction applied), 14.16 ± 0.13 km s −1 , is lower than the reliable value 14.9 ± 0.3 km s −1 of Nordstroem et al. (2004) based on 228 measurements.
A NA LY S I S O F T H E S P E C T R A

Spectral classification of the stars
To classify the observed spectra, we used an automatic algorithm to compare them with a set of 281 template spectra. These template Table 1 . Journal of the spectroscopic observations and results of the spectroscopic analysis for individual spectra. Radial velocities are listed only for objects with single component visible in the spectra. The table gives Hipparcos and HD identifications of the target, its visual brightness V, heliocentric JD of the observation, exposure time, barycentric RV, its error, projected rotational velocity vsin i, its error, a note regarding the BF shape (abbreviations: 2 comp -2 components, 2 comp: -one of the components is visible just marginally, SB1 -single-lined spectroscopic binary, AS -asymmetric profile), HD number of the best-fitting template spectrum and the corresponding spectral type, and the last column gives the spectral type from the Michigan Catalogue of HD stars (Houk & Cowley 1975; Houk 1978 Houk , 1982 Houk & Smith-Moore 1988; Houk & Swift 1999 spectra cover almost the full range of spectral types and are provided by Valdes et al. (2004) . The spectral types as determined by the authors use the refined classification scheme described in Barry (1970) . In addition to the original Morgan, Keenan & Kellman (MKK) scheme, the luminosity classes are divided to subclasses (b, ab, a). Observed strength of the ultraviolet lines is indicated by the following abbreviations: vw -very weak, w -weak, s -strong, vs.-very strong. Additional abbreviations are e -emission lines, varvariable spectral features. The spectral type of the best-matching template gives the spectral type of the star. The method is described in detail in Sebastian et al. (2012) and reaches an accuracy of 1-2 subclasses. Prior to the further analysis, we significantly decreased the resolution of the spectra to match that of the spectral templates (resolution of 1 Å or R ∼ 5000 in the green region of spectrum) by convolving the observed spectra with a corresponding Gaussian function kernel. This also minimized effects of rotational broadening and multiplicity of the targets on the spectral classification. We did not attempt to separate spectra of double-lined objects to determine individual spectral types of the components. Thus, for double-lined systems the spectral type is not very reliable and corresponds to the dominant component.
The spectra were taken over one year, and for most of the stars there are two or three spectra available. This allows us to analyse the reproducibility of the spectral type obtained with this method. We therefore analysed all 409 spectra and compared the results for the same stars. Fig. 5 shows the deviation in subclasses, for spectra of the same stars. 84 per cent of the compared spectra are matched with either the same template or a template different by one subclass.
Spectral types were compared with the homogeneous Michigan spectral classification of southern (up to declination +5
• ) stars (Houk & Cowley 1975; Houk 1978 Houk , 1982 Houk & SmithMoore 1988; Houk & Swift 1999) . The spectral types' determinations are mostly consistent and deviate usually by less than two or three subclasses (see Table 1 ). Comparison of our determinations and those from the Michigan classification (available for 83 per cent of targets) shows that our spectral types are by about 0.12 ± 0.09 subclasses later. The spectral-class differences show σ = 1.6 subclasses scatter.
Radial and rotational velocities
First, we attempted to use a spectrum of a slowly rotating star of mid-F spectral type as the template. The data were sufficient for HIP 910 only. According to the set of identifications, measurements and bibliography for astronomical data (SIMBAD) data base the object is of F8V spectral type, rotating with vsin i = 5-8 km s −1 . The extracted BFs were rather noisy. Hence, we analysed the observed spectra using a synthetic spectrum with effective temperatures of 6500 K (for log g = 4.5 and solar metallicity) appropriate for mid-F spectral type. The spectrum was computed using the code SYNSPEC (Hubeny & Lanz 1995; Krtička 1998 ) with the structural variables of the model atmospheres (depth dependences of the state variables) adopted from Castelli & Kurucz (2003) . The models assume local thermodynamic equilibrium (LTE), radiative and hydrostatic equilibrium with convection, and a plane-parallel geometry.
The BFs were extracted from the wavelength range 4930-5394 Å which contains a large number of metallic lines but is free of the hydrogen Balmer lines (those affect the quality and the resolution of BFs). The velocity vector of extracted BFs spans ±360 km s −1 with a step size of 1.8 km s −1 . This is sufficient to cover the rotational profile for all objects. The resulting BFs were smoothed by convolution with a Gaussian function to match the spectral resolution of BESO.
In principle, rotational velocities of stars can be determined by fitting theoretical rotational profiles to the extracted BFs. The centroids of the profiles immediately give the RV of the star. While the determination is reliable for rapid rotators with vsin i c/R and unaffected by finite spectral resolution, vsin i of slow rotators (stars with vsin i ≤ c/R) is rather imprecise and affected by changes in the width of the instrumental profile (e.g. because of the differences in the spectrograph focus caused by temperature changes).
The nominal spectral resolution of BESO is R = 48 000 (FWHM) or about 6.24 km s −1 (Steiner et al. 2006) . The synthetic spectrum used to extract BFs has virtually infinite spectral resolution. The Th-Ar spectra taken during the observations indicate slightly lower resolution of about R = 42 000 (FWHM) or about 7.13 km s −1 . The instrumental profile of the spectrograph can be reasonably approximated by a Gaussian function. Therefore, the extracted BFs were modelled by the convolution of the Gaussian function (its σ given above) and the rotational profile. Because the shape of the rotational profile depends on the limb darkening just slightly, we set u = 0.544 (appropriate for λ = 5200 Å, log g = 4.5 and T eff = 6500 K; see van Hamme 1993) for all objects. Because of night-to-night variations of the spectrograph resolution (mainly because of focusing) for slow rotators (vsin i < 10 km s −1 ), the rotational velocity is very uncertain. They form a peak in the vsin i distribution which is mostly due to upper limits (Fig. 6) . The second peak (≈50 km s −1 ) reflects the typical high rotational velocities of F stars (cf. Fig. 7 ) while at lower velocities, inclination becomes important. There is a number of very fast rotators which are all below the breakup limit of F stars of about 400 km s −1 (Gray 2005) . Also, we did not consider other causes of the line broadening (e.g. microturbulence) and neglected the effects of differential rotation (see Reiners & Schmitt 2003) .
The resulting RVs and projected rotational velocities (vsin i) are listed in Table 1 . The histogram of observed rotational velocities is shown in Fig. 6 . The dependence of the measured rotational velocities on spectral type is shown in Fig. 7 . It is clear that vsin i decreases towards later spectral type. The rotational velocity abruptly decreases around F6V when the convection of the outer envelope sets in. The transition is resolved very well and agrees with the envelope of the distribution given by Gray (2005) .
Multiplicity in our sample
Visual inspection of 15 objects (plus a few marginal detections) showed that they contain two components (see Table 2 and Fig. 4) . One system, HIP 101684, in addition to two dominant components shows a faint third component. While its two bright components (see Table 2 ) display fast orbital motion, the third component is a background object or a star on a long-period orbit. A few objects show strongly asymmetric BFs (see Fig. 8 ). The objects (marked by 'AS' in Table 1 ) are very probably either SB2 systems not resolved in the RV space or non-radial pulsators.
The number of spectra per object is typically just two which leaves the question of binarity open in most of the cases. Systems showing two or more components are listed in Table 2. The table  gives RVs, projected rotational velocities of components, and the ratio of intensities (I 2 /I 1 ) as measured at all pointings when two components were detected in the BFs. The ratio of intensities was computed assuming that both components are of the same spectral type. In this case
where A 1, 2 are amplitudes of the components in BF. Because of rather large point spread function (PSF) of the Hexapod telescope (3-4 arcsec) there is a good chance that part of the objects showing multiple components are just optical pairs or visual binaries with orbital periods of the order of decades or centuries. Some cases (HIP 6251, HIP 7277, HIP 8467) where the dominant component is stable in RV while the faint component is not always visible can be interpreted by the presence of a visual companion and variability of the PSF size or/and seeing.
Orbital motion is seen in six double-lined systems: HIP 13026, HIP 13112, HIP 28854 (orbital period <5 d), HIP 45882, HIP 62665, and HIP 101684 (possibly triple). In the case of HIP 21965, HIP 41542, and HIP 42278, the detection of the orbital motion is marginal.
Several systems with a single component in the extracted BF display pronounced RV variability. Assuming RV > 5σ RV as the . Deviation in spectral subclasses between the spectra of a given target. For the vast majority of the objects the same spectral template was found to be the best for all individual observations. criterion for the RV variability, there are at least two SB1 systems in our sample:
3 HIP 5209 ( RV = 21.2 km s −1 ), and HIP 22531 ( RV = 37.1 km s −1 ). The observed spectral type and projected rotational velocity of the targets is very similar for all pointings. Figure 6 . Distribution of observed rotational velocities for all single-lined objects. The first bins form a peak which also contains systems with unresolved rotational velocity (v sin i < 7 km s −1 ). The bin size is 0.1 dex with the first bin starting at 2.5 km s −1 .
B E S T S A M P L E TO D E T E C T E X O P L A N E T S
All targets are F0V-G0V dwarfs (except HIP 15353 and HIP 46709 which are classified as A5-A8V). Thus, we can expect a range in stellar mass of 1.05-1.6 M (Cox 2000) . Assuming orbital inclination for a substellar body close to i ∼ 90
• , a mass of <80 M Jup , a circular orbit, and an orbital period longer than 2.13 d (the extreme case of a hot Jupiter orbiting the F8V star HD 86081; Johnson et al. 2006) , the expected semi-amplitude of the RV changes should be less than 1.1 km s −1 . This means that all targets showing differences in RVs not larger than about 2-3 km s −1 can still host a substellar body. Out of 178 stars having at least two spectra, 90 have RV ≤ 200 m s −1 , for 37 targets 200 < RV ≤ 500 m s −1 , and for 51 targets RV > 500 m s −1 . We can estimate the expected RV precision using the relation given by Hatzes et al. (2010) :
where (S/N) is the signal-to-noise ratio of the data, R is the resolving power of the spectrograph, B is the wavelength coverage in Å, v sin i is the projected rotational velocity of the star [km s −1 ], and the dimensionless function f = f(sp. type) reflects the line density. The proportionality constant was estimated by Hatzes et al. (2010) as C1 = 2.4 × 10 11 . For stars with spectral-type F, the authors give 0.1 < f < 1.
Using the same spectrograph setup and fixed exposure time, the only important parameters are projected rotational velocity, vsin i, and the brightness of the target, m. Since (S/N) ∝ 10 −0.2m , the above relation reduces to
For the BESO spectrograph attached to the 1.5 m telescope at the OCA with R = 48 000, B = 464 Å, vsin i = 20 km s −1 , and a V = 9.0 star giving S/N = 90 in 10 min, one can estimate the proportionality coefficient to be C2 = 200. The RV uncertainties estimated from the above formula assuming the same integration time of 10 min, and C2 = 200 are given in Table 3 . The estimated RV precision does not take into account any instrumental effects but provides a simple measure of the adequacy of targets to detect an extrasolar planet by the RV technique.
D I S C U S S I O N A N D C O N C L U S I O N S
It is clear that the RV precision and the number of data are insufficient to detect extrasolar planets but the observations are useful to exclude objects showing RV variations larger than about 2-3 km s −1 (see Section 6), pulsations, or other activity to produce a bona fide sample for dedicated instruments capable of an RV accuracy better by two orders of magnitude (e.g. HARPS at 3.6 m telescope of ESO at La Silla).
The results of the analysis are presented in Tables 1, 2 , and 3. The last table lists the most important data pertinent to the selection of the best candidates to search for extrasolar planets by the RV technique.
Slowly rotating bright stars are the most suitable ones. In the case that the spin axis of the parent star is perpendicular to the orbital plane of the exoplanet, a high vsin i of the parent star indicates a high semi-amplitude of the RV variations due to the planet. The situation depends strongly on the spectral type of the object: early F-type stars are intrinsically rapid rotators, where very low vsin i means that we observe the target close to pole-on (the probability for the spin-axis inclination angle to be lower than 30 deg is, however, only about 13.4 per cent); mid or late F-type stars are intrinsically slower rotators (see Fig. 7) .
It is well known that most debris discs of the host stars are well aligned with the equatorial plane of the host star (Watson et al. 2011 ). On the other hand, a few transiting hot Jupiters show significant misalignment of the stellar spin and the planet orbit (see e.g. Winn et al. 2009a; Albrecht et al. 2012) or even a retrograde orbit (Winn et al. 2009b ). This means that predicting the inclination angle of the exoplanet orbit (and the observed semi-amplitude of the RV changes) from the projected rotational velocity of the parent star is practically impossible. The targets showing low projected rotational velocities (vsin i < 20-30 km s −1 ) promise high RV precision anyway.
The principal result of this work is the selection of a sample of F-type dwarfs where chances to detect planets are highest. Those are targets without additional stellar companions, without significant RV changes, and at the same time with low rotational velocity and high apparent brightness. Out of 187 targets, we can expect the RV precision better than 100 m s −1 for 72 (Table 3) . Taking only single-lined objects with at least two spectra, RV < 3 km s −1 , not showing BF asymmetries we have 68 objects. This bona fide sample is marked by boldface script in Table 3 . In this sample, 49 targets have v sin i < 10 km s −1 , for 16 objects 10 < vsin i < 20 km s −1 . HIP 15968 shows the highest projected rotational velocity in this sample, v sin i = 28.2 km s −1 .
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